We consider a two-dimensional conformal field theory which contains two kinds of the bosonic degrees of freedom. Two linear dilaton fields enable us to study a more general case. Various properties of the model such as OPEs, central charge, conformal properties of the fields and associated algebras will be studied.
Introduction
Among the various conformal field theories (CFTs) the linear dilaton CFT has some interesting applications in the string theory, e.g. see [1, 2, 3, 4, 5, 6] . In this CFT, modification of the energy-momentum tensor was anticipated by a linear dilaton field. This CFT significantly changes the behavior of the worldsheet theory [6] . In some papers, the linear dilaton field is only time-like (see [6, 7] and references therein) while the other papers have considered the space-like form of it.
Another important application of the linear dilaton CFT is as follows. A way for reducing the spacetime dimension is compactification. However, this method does not reduce the number of degrees of freedom. String still oscillates in the compact directions. The linear dilaton CFT is a consistent way for reducing the spacetime dimension without compactification [1] .
In this paper we consider an action which is generalization of the bosonic part of the N = 2 superstring theory. In addition, we introduce two linear dilaton fields to build our model. Thus, we study a conformally invariant field theory in two flat dimensions.
Anticipating to the string theory, we refer to these two dimensions as the string worldsheet.
Various OPEs of the model will be calculated. Due to the dilaton fields, some of these OPEs, and also conformal transformations of the worldsheet fields X µ (σ, τ ) and Y µ (σ, τ ) have deviations from the standard forms. Presence of some parameters in the central charge enables us to receive a desirable dimension for the spacetime. The algebra of the oscillators reveals that the oscillators of X-fields do not commute with that of Y -fields.
This paper is organized as follows. In section 2, we shall introduce the action of the model and the linear dilatonic energy-momentum tensor associated to it. In section 3, various OPEs of the model will be studied. In section 4, conformal transformations of the worldsheet fields will be obtained. In section 5, various quantities will be expressed in terms of the oscillators, and two algebras for the model will be obtained. Section 6 is devoted for the conclusions.
The Model
We begin with the action of the scalar fields X µ (z,z) and Y µ (z,z) in two dimensions
where µ ∈ {0, 1, ..., D − 1} and β and λ are constants, i.e. independent of z andz. For the spacetime we consider the flat Minkowski metric η µν = diag(−1, 1, ..., 1). The special case β = 1 and λ = 0 indicates the bosonic part of the N = 2 super-conformal field theory.
Thus, we say the set {X µ } describes the spacetime coordinates. In other words,
is regarded as the embedding of the worldsheet in the spacetime. However, Y µ (σ, τ ) enters essentially in the same way. So the set {Y µ (σ, τ )} does not describe additional dimensions.
The conformal invariance of this action, i.e. symmetry under the conformal transformations z → z ′ (z) andz →z ′ (z), leads to the zero conformal weights for the fields X µ and Y µ .
The equations of motion, extracted from the action (1), are
We assume that the determinant of the coefficients of these equations to be nonzero i.e.,
Therefore, we obtain
These imply ∂ z X µ and ∂ z Y µ are functions of z, and ∂zX µ and ∂zY µ are functions ofz.
The corresponding energy-momentum tensor has the components
where : : denotes normal ordering.
It is possible to construct a more general CFT with the same action (1), but with different energy-momentum tensor
where sum over i and j is assumed with i, j ∈ {1, 2}. We define
The vectors V µ and U µ are fixed in the spacetime. For each pair of these vectors we have a CFT. The extra terms in (6) 3 Operator Product Expansions (OPEs)
The OPEs XX, XY and Y Y
We use the path integral formalism to derive operator equations. Since the path integral of a total derivative is zero, we have the equation
The point (w,w) might be coincident with (z,z), but the insertion "..." is arbitrary, which is away from (z,z) and (w,w). Arbitraryness of the insertion implies
as an operator equation. In the same way, the equation
gives the operator equation
In the equation (10) change X µ to Y µ , we obtain
Similarly, in the first line of (8) replacing X µ by Y µ leads to
The equations (9), (11), (12) and (13) give the following equations
That is, the equations of motion (4) hold except at the coincident point (z,z) = (w,w).
Define the matrix Q ij as in the following
Thus, the equations (14) can be written in the compact form
According to this, we have the normal ordered equation
where ∂ z ∂z ln |z − w| 2 = 2πδ (2) (z − w,z −w) has been used. The equation (16) and (17) indicate the equation of motion
The T T OPE
Let F be any functional of {X µ } and {Y µ }. Thus, the generalization of (17) is defined by
The OPE for any pair of the operators F and G is given by
where the functional derivatives act only on the fields F or G, respectively. For F = X µ i (z,z) and G = X ν j (w,w) this reduces to the equation (17), as expected. Using the equation (20), we obtain
Now the Taylor expansion of ∂ z X µ i (z) around z = w changes this equation to
where the non-singular terms have been omitted. For calculating the T T OPE we also need the following OPEs
Adding all these together we obtain the T T OPE as in the following
TheTT OPE also has a similar form in terms ofz,w andc.
The central charges are given by
Vanishing conformal anomaly relates the parameters of the model. That is, string actually can move in a wide range of the dimensions. However, by adjusting the variables β, λ, V 
Since there is ΛQ = − I 2×2 , the T T OPE (26), and similarly theTT OPE take the standard forms
According to the central charge terms, T andT are not conformal tensors. Apart from these terms, (29) is the statement that T (z) andT (z) are conformal fields of the weights (2,0) and (0,2), respectively.
The OPEs
Thus, for k = 1 and k = 2 we obtain
In the same way we havẽ
The U-terms and V -terms imply that X µ and Y µ are not conformal tensor operators.
Putting away these terms (the square singular terms) of the above OPEs leads to the con-
Since we assumed β − λ 2 = 0, we obtain V µ = U µ = 0. Therefore, (31) and (32) reduce to the OPEs
That is, with T ′ andT ′ the fields X µ and Y µ are conformal tensors, as expected. However, we shall not consider the case (33).
Conformal Transformations of
imply the currents
For any holomorphic function g(z) these are conserved. These currents lead to the Ward identity
where "Res" and "Res" are coefficients of (z − w) −1 and (z −w) −1 , respectively. From the OPEs (31) and (32) and the Ward identity (35) we obtain the conformal transformations
Due to the inhomogeneous parts, originated from V µ , U µ , β and λ, the fields X µ and Y µ do not transform as conformal tensor. These parts also indicate that these transformations are not infinitesimal coordinate transformations δz = ǫg(z) and δz = ǫg(z) * .
Mode Expansions
Now we express some quantities of the model in terms of the oscillators of X µ and Y µ . The
OPEs (31) and (32) give
Thus, the conformal weights of ∂ z X µ (z) and ∂ z Y µ (z) are
According to these conformal weights, we obtain the Laurent expansions
Single-valuedness of X µ and Y µ implies that
where p µ i is the linear momentum. Now integration of the expansions (41) gives the closed string solution
Reality of
where C in the z-plane andC in thez-plane are counterclockwise. Therefore, by using the
For λ = 0 we observe that the oscillators of X µ do not commute with the oscillators of Y µ .
In terms of the oscillators the nonzero elements of the energy-momentum tensor find the forms
The Virasoro operators are
In terms of the oscillators they take the forms 
Conclusions and Summary
We studied a CFT model with two kinds of the bosonic degrees of freedom X µ and Y µ , which interact kinetically with each other. For each kind of these fields we introduced a linear dilaton field.
Using the path integral formalism, we obtained the OPEs XX, XY and Y Y . These
OPEs enabled us to introduce a general definition for the OPEs. We observed that the T T
andTT OPEs of the model have the standard forms. Due to the vectors V µ and U µ , which define the dilatons, the OPEs T X, T Y ,T X andT Y have deviations from the standard forms of them. The central charge of the model depends on the spacetime dimension, the parameters of the theory and the vectors V µ and U µ . A vanishing conformal anomaly and hence a desirable dimension for the spacetime can be achieved by tuning these variables.
Putting away the interacting terms of the action, the model split into two copies of the linear dilaton CFT. The splitting also occurs for the energy-momentum tensor and hence for the central charge.
Using the conserved currents, associated to the conformal symmetry, the conformal transformations of the fields X µ and Y µ have been extracted. Therefore, the vectors V µ and U µ and also the parameters of the model indicate that X µ and Y µ are not conformal tensors.
That is, these transformations are not pure coordinate transformations.
According to the mode expansions of X µ and Y µ , we obtained the oscillator-algebra of the model. Due to the nonzero coupling constant λ the oscillators of X µ do not commute with the oscillators of Y µ . We expressed the energy-momentum tensor and the Virasoro operators in terms of the oscillators. We observed that the Virasoro operators also form the standard algebra.
